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Abstract
Cocoa-based small-scale agriculture is the most important source of income for most farming families in the region
of Alto Beni in the sub-humid foothills of the Andes. Cocoa is grown in cultivation systems of varying ecological
complexity. The plantations are highly susceptible to climate change impacts. Local cocoa producers mention heat
waves, droughts, floods and plant diseases as the main impacts affecting plants and working conditions, and they
associate these impacts with global climate change. From a sustainable regional development point of view, cocoa farms
need to become more resilient in order to cope with the climate change related effects that are putting cocoa-based liveli-
hoods at risk. This study assesses agroecosystem resilience under three different cocoa cultivation systems (successional
agroforestry, simple agroforestry and common practice monocultures). In a first step, farmers’ perceptions of climate
change impacts were assessed and eight indicators of agroecological resilience were derived in a transdisciplinary process
(focus groups and workshop) based on farmers’ and scientists’ knowledge. These indicators (soil organic matter, depth of
Ah horizon, soil bulk density, tree species diversity, crop varieties diversity, ant species diversity, cocoa yields and
infestation of cocoa trees with Moniliophthora perniciosa) were then surveyed on 15 cocoa farms and compared for the
three different cultivation systems. Parts of the socio-economic aspects of resilience were covered by evaluating the role of
cocoa cooperatives and organic certification in transitioning to more resilient cocoa farms (interviews with 15 cocoa
farmers combined with five expert interviews). Agroecosystem resilience was higher under the two agroforestry systems
than under common practice monoculture, especially under successional agroforestry. Both agroforestry systems
achieved higher cocoa yields than common practice monoculture due to agroforestry farmers’ enhanced knowledge
regarding cocoa cultivation. Knowledge sharing was promoted by local organizations facilitating organic certification.
These organizations were thus found to enhance the social process of farmers’ integration into cooperatives and their
reorientation toward organic principles and diversified agroforestry.
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Introduction
Smallholder cocoa production systems
in Bolivia under change
Cocoa cultivation combined with annual crops in shifting
cultivation forms the main livelihood strategy of most
farming families in the Alto Beni region at the eastern
foothills of the Bolivian Andes. Such livelihoods based on
tropical small-scale agriculture tend to be highly vulner-
able to climate change impacts, since they offer limited
coping options1,2. Although Bolivia produced only 0.05%
of the world’s carbon emissions in 20093,4, Bolivian
smallholder farmers are disproportionately affected by the
negative impacts of global climate change4. This is espec-
ially true for small-scale cocoa farmers, as cocoa has been
shown to be highly sensitive to changes in climate5. In
particular, cocoa is highly susceptible to droughts, which
affect both growth and production5. Hence, cocoa pro-
duction bears a high risk of being affected by climate
change impacts. Strategies for making cocoa cultivation
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more resilient to climate change are urgently needed, since
it is an important source of income not only in Alto Beni,
but for 5–6 million tropical smallholder farmers world-
wide6. Resilience means reducing the sensitivity of a
system to stress factors and disturbances, while maintain-
ing its capacity for self-organization, to learn and to adapt
to change7. Our understanding of resilience includes self-
organization, which implies that adaptation measures are
organized by the actors, according to their own needs and
visions. In our definition of adaptation, we follow Berkes
and Jolly8, who understand adaptation as the result of
short-term responses to changes in land-based activities,
as well as of longer-term responses based on the actors’
cultural and ecological repertoires. By linking adaptation
to self-organization, we approach adaptation as an active
process. Resilient adaptation to climate change can
therefore be regarded as a guiding principle in research
for development7.
Different agroforestry systems using timber trees, fruit
trees and leguminous trees as shade canopies, windbreaks
or buffer zones have been discussed as sustainable per-
manent land-use systems9–11. Although results from
research and development projects agree that agroforestry
is the most suitable way to produce cocoa in fragile eco-
systems such as those in Alto Beni, most producers world-
wide grow their cocoa in full sun monocultures; there is
even a trend toward shifting from shaded to monoculture
cocoa cultivation in order to increase short-term yields9.
A minority of cocoa producers in Alto Beni began to
form associations to organize more sustainable, certified
organic cocoa cultivation in the 1980s. This resulted in a
network of cocoa cooperatives grouped under the um-
brella organizationEl Ceibo and other local organizations
who promote cocoa cultivation without agrochemicals
and organize organic and fair trade certification. Local
organizations and development projects have been
supporting the implementation of simple agroforestry as
well as more complex successional agroforestry. However,
to what degree these different systems are helping to build
resilience has not yet been investigated systematically.
Resilience in agroecosystems
Resilience thinking provides an approach that integrates
ecological and social aspects12,13. Increasing resilience
means reducing the system’s sensitivity, for example, to
climate change, and finding ways to better deal with risks,
shocks and uncertainty7. This is done mainly based on
endowments (e.g., livelihood assets) and diversity (e.g., of
crops and wild flora and fauna)7,13. Although resilience
can be regarded as the opposite of vulnerability—because
it increases the capacity to cope with stress12—we argue
that it is more than that. A system can become more
resilient through one strategy to a range of risks that make
it vulnerable; moreover, resilience focuses on inherent
strengths and potentials7,14. For example, increasing soil
organic matter (SOM) maintains or enhances soil fertility
and nutrient availability to plants and at the same time
reduces the system’s vulnerability to water stress, as SOM
helps to retain humidity; the strategy of increasing SOM
thus improves overall soil resilience7,10,15,16. Resilience is
composed of buffer capacity, self-organization and the
ability to build capacity for learning and adaptation13,17.
Buffer capacity refers to ‘the amount of change a system
can undergo while maintaining its functions and struc-
tures within the same stability domain’13, and refers
mostly to ecosystem resilience18—or, when dealing with
farming systems, to agroecosystem resilience, which is the
main focus of this paper. It seems obvious that meaningful
strategies for resilience building cannot be devised by sci-
entists alone. Local actors need to be involved in develop-
ing such strategies if they are to accept and implement
them. Their perception of external influences is an
important factor determining their decisions and strategy
of action19,20. However, although the effects of climate
change on tropical smallholder agriculture have been
discussed in the literature, very few studies have examined
to what degree farmers actually perceive the effects of
climate change described by experts and scientists20.
There is hence a need for assessing, comparing and com-
bining scientists’ and local actors’ knowledge about
climate change impacts. This requires a transdisciplinary
approach. Transdisciplinarity refers to cooperation be-
tween scientists and non-scientific actors based on the
principle that knowledge generated by different groups of
actors is taken into account19,21,22.
Taking stock of how the different cocoa growing
systems (monoculture and different forms of agroforestry)
coexist in Alto Beni, this study aimed to: (a) assess how
cocoa farmers perceive climate change, and build a set of
indicators of agroecosystem resilience based on a trans-
disciplinary approach; (b) determine resilience—mainly
of the agroecosystem (aspects of buffer capacity)—under
the different cocoa cultivation systems; and (c) explore to
what degree self-organization and learning capacities
enhance agroecosystem resilience in cocoa cultivation or,
more specifically, what role organic cooperatives and
organic certification play in building resilience to climate
change.
Materials and Methods
The study area
The region of Alto Beni is located in the eastern foothills
of the Andes, at an altitude of 350–800m above sea
level23. Annual precipitation is about 1500mm, with a dry
period in winter, between May and August. The mean
temperature is about 25°C. According to the Köppen
climate classification, the climate is rainy tropical and
winter dry24. The local Yungas mountain range is
known for its widespread traditional cultivation of coca
(Erythroxylum coca)—which is prohibited, but was never-
theless existent in Alto Beni at the time of our research
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(2010–2012). Other perennial crops such as cocoa, coffee
and citrus trees are regarded as viable substitutes for coca
by the authorities and have been officially promoted and
supported in the Yungas. As a result, cocoa cultivation is
now abundant in Alto Beni.
The largest share of inhabitants in the study area
is settlers from the Bolivian highlands (Altiplano)
who moved to the rainforests over the past 60 years24.
Motivated by government support in the form of land,
seedlings and assistance, they began to cultivate rice and
corn in Alto Beni. Average farms are 12ha in size; land-
holdings have remained indivisible by law until today.
Cocoa plantations were promoted by the government’s
settlement program. The first cooperatives were founded
in the 1960s to improve farmers’ participation along the
value chain and to avoid intermediaries25. International
organizations began to support these cooperatives by
providing technical and institutional assistance and
connecting them to international specialty markets. In
1987 the umbrella organization of cocoa cooperatives
El Ceibo achieved organic certification and became the
world’s first exporter of certified organic cocoa24.El Ceibo
is the country’s most important cocoa producer, has
been certified for organic production (European Union,
Naturland, US Department of Agriculture) and fair trade
(Fairtrade International), and exports about half of the
volume of dry cocoa beans it produces to Europe and the
USA. An additional small volume is exported as pro-
cessed organic chocolate bars. The rest is processed and
distributed on the national market. Farmers’ groups can
apply for certification through El Ceibo if they organize
themselves in cooperatives of at least ten members. Then
they enter a 3-year phase of transition to organic agricul-
ture, during which cocoa plots undergo annual examin-
ations as part of El Ceibo’s system of external and internal
certification.
Agroecosystems in the study area
The most widespread land use in the area of Alto Beni is
shifting cultivation of annual crops (such as rice and corn)
and perennial crops (such as cocoa, plantain, banana,
papaya and citrus varieties)24. Most of these crops are
planted in full sun monocultures, which is also common
for cocoa23. This practice causes soil degradation and loss
of arable land, primary forests and biodiversity, among
other problems24. Moreover, monocultures are suscep-
tible to droughts and extreme weather events5,15,26.
In order to make cocoa plantations more sustainable,
development projects and extension services promoted the
shift from monoculture to agroforestry systems with
diversified plantations combining cocoa and multifunc-
tional shade trees (referred to as ‘simple agroforestry’ in
this study). A special form of agroforestry practiced in the
study area is successional agroforestry. This cultivation
system aims to mimic natural succession with agricultural
species. Crops are grouped according to the different
phases in the successional system: for example, pioneers
include rice and corn; secondary or transition species
include papaya and leguminous trees of the Inga genus;
and primary species include mahogany and cocoa. This
leads to a cultivation system with structures and functions
similar to those of the natural ecosystem15. In contrast
to other farming systems, in successional agroforestry all
crops and biomass accumulating species are sown and
planted at the same time or shortly after each other, with
the aim of achieving the highest possible plant density
and diversity and occupying as many ecological niches as
possible. Pioneers develop first, with the species of the
next phase growing more slowly in their shade. Constant
systematic pruning and selective weeding help to accumu-
late organic material in the soil and to ensure that
sufficient light reaches the smaller plants. Schulz et al.27
mention that plants have an allelopathic effect at the end
of their life cycle, reducing the growth of neighboring
plants, whereas young plants stimulate growth and veg-
etative development in adjacent plants. Accordingly, in
successional agroforestry, ageing trees and crops are cut
down after harvesting and chopped to serve as organic
litter. Successional agroforestry has been reported to have
a high resistance to external perturbations27,28, that is why
it was considered in the present study.
Perceptions and experiences of climate
change impacts: defining critical factors
Defining measurable indicators of agroecosystem resili-
ence in a regional climate change context poses two major
problems: first, the main climate change impacts have
been assessed scientifically at various regional levels, in-
cluding for Bolivia (compiled, e.g., by the World Bank29),
where they comprise increasing heat, droughts, floods and
more frequent weather extremes. From an actor-oriented
perspective19, however, it is important to examine which
of these externally identified impacts farmers actually
perceive, as only the perception of an impact will lead
farmers to take adaptive measures. Accordingly, the first
step must be to evaluate how farmers perceive changing
climate patterns and how they translate them into new
management practices20. Second, owing to the rather
abstract definition of resilience, there are innumerable
ways of defining resilience indicators30,31. If this is done by
scientists alone, then the risk is high that the resulting
indicators will not be sufficiently relevant to local actors.
One way of addressing the above problem is to take a
transdisciplinary approach19,32. This means considering
simultaneously how both farmers and scientists perceive
climate change impacts, and what main strategies both
groups derive for adaptation to climate change. A trans-
disciplinary approach makes it possible to define resili-
ence indicators that integrate scientists’ and farmers’
views in a way that prevents the cognitive gaps between
the two groups from hampering communication and
collaboration.
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Anim-Kwapong and Frimpong5 proposed a set of
methods for such a transdisciplinary assessment of climate
change impacts on cocoa cultivation in Ghana. These
methods include focus group discussions and key infor-
mant interviews with different stakeholders. In the present
study, we adopted this methodology to capture farmers’
perceptions of climate change impacts. In a first phase, we
defined critical external influences on cocoa production
based on five expert interviews and three focus group
discussions5,33 with cocoa producers. Climate change im-
pacts and adaptation strategies from the cocoa producers’
perspective were further assessed in a final workshop with
30 cocoa producers from Alto Beni. The workshop
followed an interactive methodology for the participatory
evaluation of risks and adaptation possibilities suggested
by the Livelihood and Forestry Programme Nepal34.
The resulting factors influencing cocoa production are
listed in Fig. 4 in the Results section. El Ceibo provided
climate data for the village of Sapecho collected by their
experimental station.
Plot sampling and interviews with
cocoa producers
The transdisciplinary process including focus group dis-
cussions, the participatory workshop and the combi-
nation of scientific predictions on most probable climate
change effects and local experiences of climate change im-
pacts led to the definition of eight key variables to be used
as agroecosystem resilience indicators (see Fig. 4). Major
problems in cocoa cultivation and related adaptation
measures mentioned by the participants were translated
into indicators by the research team. The team cross
checked the resulting indicators against the available
literature before adopting them for use in the subsequent
steps of this study. Accordingly, agroecosystem resilience
was operationalized by the following variables: Ah
horizon (depth of topsoil), SOM, soil bulk density, tree
species diversity, diversity of crop varieties, ant species
diversity, cocoa yield and infestation of cocoa trees with
Moniliophthora perniciosa. These variables were sampled
during a second phase of fieldwork. Research was carried
out together with ecologists from the University of La Paz
(UMSA) in 2010 and 2011 and with the assistance of the
person in charge of a forest seed bank maintained by
El Ceibo. Farms were selected according to their cocoa
cultivation system (monoculture, simple agroforestry or
successional agroforestry), assuring that locations, eco-
logical preconditions and plot age were comparable.
In terms of socio-economic characteristics, farms were
selected so that (1) they represented the two cocoa farming
systems most typically practiced by the two major local
population groups: farmers having migrated to the region
from the highlands, and farmers belonging to the locally
rooted indigenous group; and (2) although the total farm
size could vary considerably from one group to the other,
the surfaces used for growing cocoa (1–5ha) and other
agricultural crops were rather similar. Sites were selected
in six villages along the Beni River (Fig. 1). On each of
12 farms—four practicing monoculture, four simple
agroforestry and four successional agroforestry (Fig. 1,
Table 1)—a sampling plot of 48×48mwas installed in the
main cocoa plantation, resulting in four sampling plots
for each of the three cultivation systems (stratified
sampling35). These sampling plots were each divided
into four sub-plots of 24×24m. Soil and biodiversity data
were sampled in each sub-plot; from these sub-plot
data, means for the entire sampling plot were calculated
for further analysis. In order to determine yields and
management practices, semi-structured interviews were
conducted on the 12 sampled farms as well as three ad-
ditional farms practicing monoculture (total n=15). We
surveyed farm crop diversity and cocoa yield over the past
year, previous use of the cocoa plot where we sampled
data and management practices such as pest and disease
control. According to the standards of qualitative re-
search36, we kept questions open and avoided phrasing
them in a suggestive way. Abstract concepts such as
resilience were not discussed during the interviews or focus
groups. In order to gather information on socio-economic
aspects of resilience (self-organization and adaptive capa-
city), we asked farmers about their affiliation and inter-
action with cocoa cooperatives, participation in courses
on cocoa cultivation and motivations behind their
affiliation to a cocoa cooperative. These data were com-
plemented with expert interviews with five agricultural
consultants engaged in the promotion of agroforestry
and/or cocoa cultivation in the region of Alto Beni.
Assessment of agroecosystem resilience
Soil data. In terms of soil indicators, we assessed SOM,
depth of Ah horizon and bulk density. SOM is a crucial
variable in the context of adaptation to climate change
and agroecosystem resilience30 because it helps to retain
water in the soil and to make nutrients available to plants.
Bulk density indicates soil compaction, which is ameasure
of susceptibility to soil erosion and water retention capa-
city. Depth of Ah horizon gives an impression of the
vertical distribution of SOM and, in combination with
SOM concentration and bulk density, shows whether the
organic material is concentrated or well distributed.
Ah horizon was measured by means of a soil profile,
measuring the part containing visibly organic material.
SOM and clay content were sampled based on mixed
samples taken every 5m in a grid with a soil auger at
0–25cm depth at the sub-plot level, resulting in fourmixed
samples per plot, which were then converted to a mean
value for 0–25cm for each plot37. Bulk density was
sampled using metal cylinders in the middle of the
0–25cm core, at 12.5cm depth. The samples were
analyzed by the Laboratorio de Calidad Ambiental,
University of La Paz (UMSA), following the ISRIC
guidelines38.
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Biodiversity data. Biodiversity is an integral part of
resilience, as it buffers against perturbations and provides
seeds for reorganization18,30,39. It is measured by deter-
mining species diversity, in our case of trees, crops
and ants. Tree species diversity is obviously higher in
agroforestry than in monoculture; however, we use it in
combination with the diversity of crops and ants as an
indicator of the agroecosystem’s ecological buffer capa-
city, which is a distinctive feature of resilience. Tree
species diversity was considered as an important attribute
of a resilient cocoa cultivation system by our focus groups;
this was in line with scientific findings stressing the
generally high conservation value of cocoa agroforestry,
which is especially important in biodiversity hot spots
such as Alto Beni2,40,41. Tree species in the cocoa sampling
plots were determined with the help of the staff of
El Ceibo’s forest seed bank. All trees other than cocoa
with a diameter at breast height of >5cm were categor-
ized. We surveyed crop diversity by listing all crops of the
farm during a transect walk, and later complemented
Table 1. Characteristics of 12 sampled/interviewed and three interviewed farms practicing different cocoa cultivations systems.
Number
of villages
Number of
households
interviewed1
Number
of plots
sampled2
Mean age
of plantation
(years)3
Mean
farm
size (ha)
Organic
certification
Affiliation to
farmers’
cooperative
Successional agroforestry 3 4 4 14 40.3 All certified organic All affiliated
Simple agroforestry 3 4 4 13 18.4 All but one certified
organic
All but one
affiliated
Monoculture 6 7 4 9.5 15.7 Five non-certified,
two in transition
Two affiliated
1 Crop varieties, cocoa yield, infestation with Moniliophthora perniciosa.
2 Soil analysis, tree species diversity, ant species diversity.
3 Not significantly different (Kruskal–Wallis rank sum test).
Figure 1. The study area of Alto Beni. SAFS=successional agroforestry; SAF=simple agroforestry; Mono=monoculture.
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these data with information from the interviews. This was
useful because the interviews revealed that some crops
that the families used for various purposes, such as dyeing
or medicinal treatments, have not been recognized as such
during fieldwork or have not been present in the plot at the
time of sampling due to a short life cycle. Richness and
abundance of ant species has been recommended in the
literature as an indicator that describes the proximity of an
agricultural system to a natural system42,43. We agree that
this proximity may not automatically lead to resilient
agroecosystems44. In a rainy tropical context like our
study area, however, an agroecosystem with a structure
and function similar to those of natural rainforest is,
according to various studies, better adapted to climate
change impacts, erosion processes and insect calamities
than amonoculture26,42,45. Diversity of wild species is also
important as a proxy for antagonists of pests, such as
insectivorous birds45. Here, ant individuals were sampled
at the plot level in six foliage samples per sampling plot
and identified by an entomologist at the laboratories of the
Instituto de Ecología, University of La Paz (UMSA).
Cocoa yield. To determine this variable, we counted
cocoa pods >5cm on ten trees in the center of each plot
during the main harvesting season. However, the amount
of cocoa pods varied because of the different harvesting
cycles. For this reason, we also recorded cocoa yields as
reported by the farmers43 during the main harvesting
period. They were asked how much they harvested in the
previous year and how much they expected to harvest in
the current year. Based on the data from these two
sources—pod counts in plots and yields reported by
farmers—we calculated a mean value for each farm,
which we then used as this farm’s annual cocoa yield.
Infestation withM. perniciosa. This fungal disease, also
known as witches’ broom, can cause severe yield losses
and is one of the most damaging cocoa diseases in the
study area46. Since its symptoms appear on different
parts of the tree, we were able to include all plots in
the comparison, even those where there were no pods. The
intensity of infestation was sampled by counting the
number of infested parts of ten trees at the center of each
plot and rating them with an index of 0–3 (0=no
infestation visible, 1=one infestation, 2=one to ten
infestations, 3=more than ten infestations47).
The response variables (one mean per farm calculated
from the four sub-plots)—depth of Ah horizon, SOM, soil
bulk density, tree species diversity, diversity of crop
varieties, ant species diversity, cocoa yield and infestation
of cocoa trees with M. perniciosa—were tested for sig-
nificant differences between the explanatory variables
simple agroforestry, successional agroforestry and mono-
culture. Owing to the fairly large plot size and the four
replications, we had only four means per group. This
implied that model assumptions for ANOVAs could
not be fully verified. We therefore tested the data non-
parametrically by means of Kruskal–Wallis rank sum
tests and post hoc by means of Wilcoxon rank sum tests,
using the open-source software R, version 2.14.148.
Correlations were tested using Pearson’s product moment
correlation.
Results
‘As if the sun was getting closer to the Earth’:
main changes in the local climate
The results of focus group discussions and the final
workshop with 30 cocoa producers show that farmers
effectively perceive gradually evolving climate changes
along a timeline (Fig. 2). Periods of extreme heat and an
extended dry season were experienced as the main climate
problems, as expressed in the vivid statement by one
of the cocoa producers quoted in the section heading.
However, the arrival of fungal cocoa diseases—witches’
broom (M. perniciosa) in the 1980s and frosty pod rot
(Moniliophthora roreri) in 2010/2011—was mentioned as
a severe impact, as well. Moreover, periods of excessive
rainfall were associated with increased incidence of black
pod disease (Phytophthora palmivora).
Climate data from the village of Sapecho show
increasing maximum temperatures (Fig. 3), indicating
that farmers’ perceptions of rising temperatures are in line
with scientific evidence (see also20).
According to theWorld Bank’s country note on climate
change aspects in agriculture for Bolivia29, the main risks
resulting from climate change are floods and droughts due
to increasing rainfall in humid months and decreasing
rainfall in dry months, as well as rising temperatures.
Cocoa producers regarded heat, droughts and floods as
the greatest threats to their livelihoods and attributed all
of them to global climate change. As the best adaptation
strategies for their cocoa plantations, farmers mentioned
increasing SOM, planting more trees, enhancing biodi-
versity, diversifying production and controlling pests and
diseases by means of improved management practices.
The combination of cocoa farmers’, experts’ and scien-
tists’ knowledge about climate change that informed the
definition of agroecosystem resilience indicators is pre-
sented in Fig. 4.
The characteristics of the selected cocoa farms are
presented in Table 1. Seven of the cocoa farmers
interviewed were certified for organic production and
eight were not. The pattern of affiliation to a farmers’
cooperative was closely related to that of certification: all
agroforestry farmers but one were members of a
cooperative, whereas only two monoculture farmers—
those who were in the process of shifting to organic
agriculture—were affiliated to a cooperative. Results from
the plot sampling and interviews regarding the agroeco-
system resilience indicators are presented in Table 2.
Agroecosystem resilience indicators
SOM concentration ranged from 2.08 to 3.45%, which is
rather low for cocoa plantations49. SOM showed no
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significant differences between the different cultivation
systems (Table 2) and correlated significantly with clay
content (r2=0.44, P<0.05, Pearson’s product moment
correlation). The region of Alto Beni is locally known
for its fertile soils, but experts stated in the interviews
that the land is prone to rapid soil degradation, which
poses a constant threat in plantations without soil
cover and trees. Previous land use could not be iden-
tified for all farms. Two monocultures had been estab-
lished on plots that had previously been part of primary
ecosystems (riverine vegetation), the others on a former
plantain and a former papaya plot. Three agroforestry
plantations have been established on plots that had
previously been fallow, at least two had replaced the
former cocoa monocultures, and at least one had been
established on grazing land. None of the interviewees
had installed their cocoa plantation on terrain covered
by primary forest. Ah horizon was significantly deeper
in plots under successional agroforestry and simple
agroforestry than in monocultures (P<0.05, Wilcoxon
rank sum test, Table 2). Soil bulk density was higher in
monocultures, but the difference was not significant
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Figure 3. Monthly temperature maxima in the village of Sapecho, 1964–2010. Data: El Ceibo Research Station, 2011.
Beginning of government driven migraon from the Alplano to the Yungas
Hailstorms in 1991 and general ecological disequilibrium
Temperatures increase severely
Very long and cold winter in 2009/2010
Extreme precipitaons in 2002
Drought in 1999/2000, rivers dry out
Advancing exncon of wild species,
e.g. the Hornero (Furnarius sp.)
Extreme cold and precipitaons followed by drought in 1997
Extreme heat and inundaons in 1998
Extreme drought in 1995
2001–2004: many floods
Temperatures constantly rising since
2000
River contaminaon since 1980s
Landslide destroys main highway for five years in 1983
1980–1985: Plant diseases Phytophthora
palmivora andMoniliophthora perniciosa
appear in cocoa plantaons, yield losses
of up to 100%
Cocoa plant diseaseMoniliophthora roreri appears 2010/2011
1965–1980: Depleon of high value mber species leading to exncon
Arrival of African honey bees
2010
2000
1990
1980
1970
1960
18th century: Early selements of the local people, theMosetenes, iniated by Franciscan
monks, culvaon of wild forms of cocoa
Figure 2. Timeline of climate and environmental events as remembered by cocoa producers from Alto Beni, 2010.
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(Kruskal–Wallis rank sum test). Ah horizon was nega-
tively correlated with bulk density (r2=−0.64, P<0.05,
Pearson’s product moment correlation, Table 2).
Tree species diversity was higher in shaded cocoa plots,
with the highest total tree species diversity found in
successional agroforestry systems (total of 74 species
found on all successional agroforestry plots), followed by
simple agroforestry systems (54 species in total), and
monocultures (four species in total). Themaximum of tree
species found in one plot was 38, in a successional agro-
forestry plot. As we had expected, the difference between
agroforestry systems and monocultures was significant
(P<0.05, Wilcoxon rank sum test) (Table 2). In total,
89 species of woody perennials from 34 botanical
families were found. The most abundant families were
Fabaceae, Rutaceae and Bombacaceae. The most fre-
quent shade tree species were Bactris gasipaes, Amburana
cearensis, Attalea phalerata, Inga spp., Swietenia
macrophylla and Centrolobium ochroxylum. Bactris and
Attalea are multipurpose palm trees. Inga was planted to
improve the soil and for its fruit. The others are high-value
timber trees.
Crop varieties diversity: in total, interviewees men-
tioned 37 different crop varieties, including cocoa, papaya
and varieties ofCitrus andMusaceae as the most common
crops. The highest number of crops was found on a farm
practicing successional agroforestry (21 different crops,
without counting fruit, timber and medicinal trees
found in the sampling plot). The overall average number
of crop varieties per farm was 10.3. Successional
agroforestry farms averaged 15.8 different crops, simple
agroforestry farms 11, and monoculture farms 5.6 (differ-
ence not significant, Kruskal–Wallis rank sum test,
Table 2). All families reported that they consume part
of all crops cultivated. Rice and Musaceae were men-
tioned as the most important subsistence crops, whereas
cocoa was consumed in rather small quantities. On-farm
diversity of crops other than cocoa played an important
role for all families participating in the present case
study. Shade and multiple forest products such as timber,
fruit and natural medicines were mentioned as important
to cocoa producers and their families by all farmers
interviewed, including those growing their cocoa in
monoculture.
Ant species diversity: we found a total of 5227
individuals belonging to 22 genera. Of these, 1341 in-
dividuals (18 genera) were found in successional agro-
forestry plots, 293 individuals (11 genera) in simple
agroforestry plots and 326 individuals (five genera) in
monoculture plots. Themaximum found in one individual
plot was 15 genera, found in a successional agroforestry
plot. The difference between successional agroforestry
and monocultures was significant (P<0.05, Wilcoxon
rank sum test). Ant species diversity was significantly
Official climate change   
predictions for Bolivia  
(e.g. Worldbank 2009) 
Heat
Droughts
Floods
Extreme weather events 
Farmers’ perceptions of climate 
change impacts (2009/2010) 
Increasing heat makes work force less 
effective
Extended dry season puts cocoa trees 
under water stress 
Floods affect cocoa trees 
Less sporadic rainfall in dry season 
Extreme rainfalls in rainy season 
Adaptation strategies mentioned by farmers 
Increase soil organic matter, plant more trees, increase 
biodiversity, diversify production, increase yields, and control 
pests/diseases by means of improved management strategies 
Ah horizon 
Soil organic 
matter
Soil bulk 
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Tree
species
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varieties 
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species
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perniciosa
Definition of  agroecosystem 
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Figure 4. Transdisciplinary process for defining agroecosystem resilience indicators.
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correlated with tree species diversity (r2=0.74, P<0.05,
Pearson’s product moment correlation, Table 2).
Cocoa yields varied considerably from year to year due
to climate conditions, pests and diseases, management
and other factors. It was reported that plots are aban-
doned when cocoa prices are low; when they improve, the
plot is pruned and revitalized through labor input. Overall
cocoa yields (427.8kgha−1yr−1) were close to the world
average (474.3ha−1yr−1, data from FAOSTAT for 2010)
but varied from 138 to 680kgha−1yr−1. The difference in
yields was not significant (Kruskal–Wallis rank sum test),
but nonetheless, sample yields were higher in agroforestry
systems (Table 2).
Infestation with M. perniciosa: the difference in
infestation intensity was significant between all systems
(P<0.05, Wilcoxon rank sum test). The highest infesta-
tion was observed in monocultures and the lowest in
successional agroforestry systems. These findings were
backed by statements made by all interviewees with
agroforestry systems, who reported less witches’ broom
infestation in shaded cocoa plantations (Table 2). All
agroforestry farmers reported that they control the
disease by regularly removing infested plant material,
and that this is monitored by agricultural consultants
from cooperatives and other local organizations. Two
of the monoculture farmers stated that they do not
control witches’ broom due to a lack of knowledge,
and two others reported that they remove infested parts
very rarely due to a lack of time. It was stated in the
literature that fungal cocoa diseases may profit from
the higher humidity in cocoa plantations diversified
with shade trees (Schroth et al. cited in9). This may hold
true for black pod or frosty pod rot, but seems not to
apply for witches’ broom (see also45,46,50). Three agro-
forestry farmers from this survey stated that black
pod and frosty pod rot only appear in shaded cocoa if
plants are not pruned and diseases are not controlled
manually.
Figure 5 visualizes the differences in agroecosystem
resilience indicators between the different cultivation
systems by means of a multi-dimensional spider diagram
using a percentage scale. The diagram plots the three
cultivation systems’ resilience indicators against each
other. For each indicator, the 100% value is the maximum
found in any single one of the 12 plots. Successional
agroforestry systems were the agroecosystems with the
highest resilience: these systems had the highest diversity
and cocoa yields, as well as the lowest infestation with
M. perniciosa. Simple agroforestry systems had the
deepest Ah horizon; most other values ranged in between
successional agroforestry and monoculture. Accordingly,
we consider the resilience of simple agroforestry to be
intermediate. Monocultures had rather good soils, with
the same value of SOM as successional agroforestry
systems, but concentrated in the upper centimeters.
However, due to this system’s lack of diversity and the
fact that it had the lowest yields and by far the highest
infestation with M. perniciosa, we consider it to have
the lowest agroecological resilience among the three
systems. Qualitative results show that the farmers who
implemented a successional agroforestry system had
organic certification and were well connected to local
farmers’ organizations, indicating resilience also with
regard to socio-economic factors.
Self-organization and adaptive capacity
In order to relate the results for agroecosystem resilience
to the socio-economic variables that are comprised in
the concept of socio-ecological resilience, we also evalu-
ated aspects related to self-organization and adaptive
capacity.
El Ceibo, the federation of local cooperatives, was the
largest regional farmers’ organization at the time of this
research. The members of local cooperatives obtain
certification for organic cocoa production through
El Ceibo. Certification is accompanied by the supply of
shade tree seedlings and technical assistance for their
planting and management in the cocoa plots. This
encourages farmers to shift from monoculture to agro-
forestry systems of cocoa cultivation (expert interviews).
In addition, El Ceibo regularly organizes knowledge
exchange platforms for local farmers in cooperation with
other farmers’ organizations. Accordingly, all agrofor-
estry systems (with one exception) were certified organic
(Table 1). El Ceibo recommended a simple shade canopy
of 30%, whereas other organizations propagated more
diverse successional agroforestry systems (expert
Table 2. Overview of results for agroecosystem resilience indicators, with standard error of means.N=12 for Ah horizon, soil organic
matter, soil bulk density, tree species and ant species. N=15 for crop varieties, cocoa yield and infestation with Moniliophthora
perniciosa. a, b, c: No significant differences for value sharing the same letter.
Soil
organic
matter (%)
Ah
horizon
(cm)
Soil bulk
density
(gcm−3)
Tree
species
Crop
varieties Ant species
Cocoa
yield
(kgha−1y−1)
Monilio-
phthora
(0–3)
Monoculture 2.5±0.1 a 5.9±0.4 a 1.3±0.07 a 1.6±0.3 a 5.6±2.6 a 0.8±0.5 a 350±124.2 a 2.5±0.1 a
Simple agroforestry 2.9±0.3 a 12.1±0.4 b 1.0±0.02 a 10.2±2.2 b 11.0±1.7 a 4.0±0.7 ab 423±78.2 a 1.3±0.2 b
Successional
agroforestry
2.5±0.2 a 10.3±1.1 b 1.0±0.03 a 14.6±1.3 b 15.8±2.4 a 8.3±1.3 b 510±55.2 a 0.5±0.1 c
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interviews). Table 1 indicates that agroforestry was
strongly linked to organic certification, and organic cer-
tification was organized through cooperatives. Among the
15 families interviewed, nine were affiliated to a coopera-
tive (Table 1), including two monoculture farmers, who
had joined a cooperative and were entering the 3-year
phase of transition toward organic production.
A better price for certified cocoa was the most fre-
quently mentioned reason for joining a cooperative. All
agroforestry farmers stated that trees are keys to adapting
their cocoa plots to climate change, mainly because they
help to counteract the negative effects of droughts, but
also because it is easier to work in the shade given the
increased heat. With regard to adaptive capacity, four out
of the six monoculture farmers had never attended a
course on cocoa cultivation and reported that they do
not have access to extension services regarding cocoa.
All farmers with agroforestry systems and organic
certification had participated in at least one course. All
interviewees were interested in capacity building for
sustainable cocoa cultivation. Learning needs mainly
concerned the question of how to address the constraints
related to the practical implementation of successional
agroforestry systems, gaps in general knowledge about
how to further increase resilience, deficiencies of existing
extension services, and lack of labor, time and equipment
for adequately pruning the trees.
Discussion
Agroecosystem resilience in cocoa cultivation
in Alto Beni and the key role of diversity
Indicators of agroecosystem resilience tended to be more
favorable under agroforestry than under monoculture
(Fig. 5). Successional agroforestry had the highest tree
species diversity, crop diversity and ant species diversity,
as well as the highest yields and the lowest infestation with
M. perniciosa. We expected SOM concentration to be
higher under agroforestry—especially successional agro-
forestry—due to high biomass inputs from roots and from
pruning11,27. This was not confirmed. However, results
may have been influenced by the previous uses of the plots:
two of the monoculture plantations had been established
on terrain previously covered with primary vegetation,
whereas this was not the case for either of the agroforestry
systems. On the contrary, at least one successional
agroforestry system has been established on grazing land
with the aim of soil recuperation, a potential ascribed to
successional agroforestry by other authors28,51. Results
for SOM are not entirely clear due to the influence of
various other factors such as plot age (it may take more
time for substantial differences to develop in response to
the different cultivation systems), location, soil structure
and the lack of baseline soil data. However, as expected,
the Ah horizon was deeper and soil bulk density was lower
0
20
40
60
80
100
Soil organic maer
Ah horizon
Soil bulk density
Tree species
Crop variees
Ant species
Cocoa yield
Moniliophthora
perniciosa
Monoculture Simple agroforestry system Successional agroforestry system
Figure 5. Comparison of agroecosystem resilience indicators under monoculture, simple agroforestry and successional
agroforestry. All variables refer to the cocoa sampling plot, except for crop varieties, which refers to the whole farm. N=12 for Ah
horizon, soil organic matter, soil bulk density, tree species and ant species. N=15 for crop varieties, cocoa yield and infestation
with Moniliophthora perniciosa.
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under agroforestry than under monoculture, and the two
indicators were significantly negatively correlated, indi-
cating a positive effect of agroforestry on soil structure
and the distribution of SOM. The presence of trees might
help to distribute organic material into deeper soil layers
and inhibit soil compaction. Sperber et al.41 found that
tree diversity in Brazil was correlated with faunal
composition and showed that tree species richness was
positively correlated with parasitoid abundance and hence
with natural enemies of cocoa pests. Accordingly, they
found a lower level of pest outbreaks in cocoa under
shade, which was also confirmed by agroforestry farmers
in our study. Findings of other authors also indicate a
higher agroecosystem resilience to pest calamities in cocoa
plots diversified with shade trees9. Clough et al.52 showed
that ant species diversity (and other wild species’ richness)
and tree species diversity do not necessarily decrease with
increasing cocoa yield in a study in Indonesia, indicating
that cocoa plantations can be farmed intensively (e.g., by
means of labor or organic fertilizer inputs) while main-
taining a high biodiversity52. Similar to our findings, wild
species richness was correlated with shade tree density and
diversity in cocoa or coffee plantations in other studies
as well42,43,45. Biodiversity in the agroforestry cocoa plots
in our study was strongly associated with organic cer-
tification and membership in cooperatives (Table 1). It is
thus an effect of local farmers’ capacity of self-organiz-
ation that helped them to increase their learning capacities
and establish a self-organized extension service. This
extension service recommends growing cocoa in agrofor-
estry systems and, in doing so, goes beyond the minimal
organic certification requirements of the European Union
and the US Department of Agriculture. This additional
commitment was achieved by facilitating cooperative
members’ capacity building, aswell as providing tree seedl-
ings and technical assistance in transformingmonoculture
plantations to agroforestry systems. Interviews indicated
that farmers’ motivation for participating in the certifi-
cation process was strongly enhanced by their interest in
capacity building and in achieving technical knowledge.
Accordingly, certification can be seen as a social process
during which management practices are shared and
transmitted between cocoa producers, thus allowing
them to further increase their self-organization and
learning capacities which, in turn, are the drivers behind
increasing agroecosystem resilience.
Other studies of organic farming found that certified
organic farmers in remote areas tend to have better
management practices and therefore to be more successful
with their crops than farmers with common practice agro-
ecosystems that are often not optimally managed26; see
also53–55. Results from our study that support these state-
ments are the poor or entirely absent control of witches’
broom disease on uncertified cocoa farms despite signific-
antly higher infestation, or the comparably low yields on
monoculture farms (Table 2). Literature reviews com-
paring yields from organic and conventional cultivation
systems found that yields frequently increase when farm-
ers shift from a low-input system (which includes many
traditional systems) or degraded soil to organic manage-
ment53,56–58. In perennial plantations, yields from organic
crops were found to be lower than from comparable
conventional crops, but this was compensated by other
products from organic agroforestry systems59. Yields in
our monoculture plots compared to cocoa monocultures
in other parts of the world were low because they were
managed without agrochemicals or any external nutrient
inputs. Full-sun monocultures can significantly increase
cocoa yields, but this requires high inputs and can be
maintained only for a short time compared to agroforestry
systems9. Agricultural consultants from El Ceibo also
stated that cocoa yields are highest in young, input inten-
sive full-sun monocultures, but that soils under mono-
culture cocoa degrade rapidly. Other authors found that
cocoa grown in successional agroforestry systems without
external inputs can produce yields at a level that the
surrounding cocoa plantations were only able to achieve
through considerable input of mineral fertilizer and
pesticides27.
Shapiro and Rosenquist6 state that one-third of the
world’s cocoa yield is lost to pests and diseases every year,
and that many cocoa producers lack the training and
resources to control them. The reasons for the poor
performance of the non-certified monoculture farms in
our study are thus to be found in the socio-economic
context. To obtain certification without being part of a
local organization in Alto Beni is difficult. Certification
offers better cocoa prices and membership in a social
movement, which comes with knowledge management
and technical support for cocoa cultivation. Thanks to the
growing worldwide demand for cocoa—and especially
for organic cocoa—Alto Beni has experienced rising
cocoa prices in the last few years. Certifying one’s cocoa
plantation with the aim of obtaining a better cocoa price
was mentioned as the main reason for founding or joining
a cocoa cooperative; organic certification can thus be
regarded as an incentive for farmers’ self-organization,
which, in turn, enhances their learning capacities.
Organic cocoa farming as an adaptation
to climate change?
The three different forms of cocoa cultivation considered
in this study can be understood as a trajectory from low
agroecosystem resilience monoculture cocoa growing to
higher agroecosystem resilience complex agroforestry, en-
hanced by organic certification. Accordingly, the mono-
cultures in transition had already been framed with
fruit trees, and the respective families reported that they
planned to further diversify the system.
If organic certification enhances diversity and the
plantation of shade trees—as suggested by the results of
our case study—it bears a higher potential for adaptation
to climate change impacts than local common practice
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agriculture7,13. A special potential for increased agro-
ecosystem resilience on cocoa farms was found in success-
ional agroforestry systems, as they had the most favorable
indicator values. These knowledge-intensive agroforestry
systems are still underrepresented in the study area, and
organic certification alone may not be sufficient for their
enhancement. Extension services thus need to improve the
outreach of their activities, which could further benefit
from participatory research that aims to enhance ex-
change and learning platforms and facilitates, validates
and enhances access to knowledge on the evolution of
species diversity and related management strategies.
Studies from other regions indicate that agriculture
using shade trees has been one of the most successful
strategies for diversification and adaptation to climate
change, with considerably increased yields for annual as
well as for perennial crops26. However, we suggest that
further studies on the trade-offs of agroecological diver-
sification should not focus only on quantitative variables
such as yields31, since diversified agroforestry systems are
characterized by complex interactions between ecology
and local sociocultural norms and traditions10, and many
benefits of agroforestry are not easily quantified. We con-
sider an integrative research approach that takes into
account how local actors perceive, value and interpret
risks and conditions as appropriate for case studies like
ours, as these factors frame local actors’ strategies of
action19, which, in turn, influence the way in which
natural resources are managed.
Conclusion
This study focused on the resilience of smallholder cocoa
farms, comparing three different cocoa cultivation
systems with regard to farm-level agroecosystem resilience
and farmers’ adaptive capacity. Agroecosystem resilience
tended to be higher under successional agroforestry sys-
tems compared to simple agroforestry and monoculture
systems. Accordingly, successional agroforestry can be
regarded as a more promising adaptation strategy than
mere certified organic production, as organic certification
alone does not necessarily result in a high diversity of
shade trees. The combination of successional agroforestry
with organic certification can improve important agro-
ecosystem resilience variables while providing high cocoa
yields. We conclude that the establishment of successional
agroforestry is a key strategy for adapting to risks such
as climate change impacts as mentioned by the cocoa
farmers from Alto Beni. This study also shows that local
organizations facilitating organic certification support
agroecological diversification and, by doing so, help
to increase agroecosystem resilience to climate change
impacts. They further enhance farmers’ learning and ad-
aptive capacity by organizing courses and knowledge-
exchange platforms. Thus, organic certification can sup-
port good farming practices and diversification through a
support infrastructure for farmers. Organic producers
frequently have more and better access to extension
services and thus an increased agro-ecological adaptation
potential. With a view to practice, these findings indicate
that it might be highly beneficial to support local farmers’
organizations that focus on farm diversification, organic
management practices and improved accessibility and
management of knowledge.
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